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ABSTRACT

We performed the tests of acute and subchronic inhalation toxicity of methyl formate, which has limited tox-
icological datain spite of its widespread use and enhanced hazard consequent on its high volatility. The median
lethal concentration (L Cso) was evauated to be above 5,000 ppm (12.27 mg/L).

In the test with subchronic inhalation, there are no deaths, but with reduction of body weight, food intake,
organ weight by exposure to 400 (0.98 mg/L) and 1,600 (3.92 mg/L) ppm, dose-dependently. There were
statistical differences in some hematological and blood biochemical parameters as compared to control (e.g.
neutrophile and lymphocyte in the 1,600 ppm group, calcium and A/G in 1,600 ppm group).

Methyl formate under the exposure of 1,600 ppm showed the respiratory findings with nasal, it was confirm-
ed that the chemical has respiratory hazard with 1,600 ppm inhalation exposure, induces nasal epithelial
atrophy, olfactory cell degeneration/regeneration and the contraction of olfactory cells, etc.

According to the notification with Ministry of Labor (No. 2009-68) for classification, labeling and MSDS of
chemicals, it is suggested for methyl formate to be classified as category 4 in acute (10.0< category 4<20.0
mg/L), category 2 (0.2< concentration< 1.0 mg/L/6h, 90 days) in specific target organ-repested exposure.
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Fig. 1. Changes of concentration in inhalation chambers.
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Fig. 2. Changes of body weight in male rats exposed to
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**%p< 0,001,
350
300 1
2
5
‘T 2501
=
>
J:
o 2004
K|
§ —&— Control
1504 —2— 100ppm
—v— 400ppm
—&— 1600 ppm
10+———7T——T"—T—T—7—T1—

15 12 19 26 33 40 47 54 61 6|87|5 8|2 8|9
Time (Day)
Fig. 3. Changes of body weight in female rats exposed to

methyl formate for 13 weeks. Significant differences
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Table 1. Hematological resultsin male SD rats after inhaled methyl formate for 13 weeks

Items Control 100 ppm 400 ppm 1,600 ppm
WBC 4.61+0.83 498+1.04 4.56+1.83 3.17+047**
RBC 9.27+0.38 9.34+0.29 9.24+0.29 9.154+0.29**
HGB 15.09+0.36 15.07£0.52 14.84+0.42 15.06+0.34
HCT 44,95+ 1.50 44.30+1.52 43.84+0.95 44.22+1.26
MCV 48.50+0.92 47.40+0.62** 47.49+0.94* 48.34+0.77
MCH 16.30+0.39 16.15+0.45 16.08+0.44 16.47+0.33
MCHC 33.59+0.62 34.05+0.69 33.86+0.61 34.07+0.49
RDW 12.45+0.53 12.98+0.80 13.07£0.97 12.26+0.49
PLT 880.80+85.04 921.50+120.83 923.10+69.63 826.80+87.71
MPV 6.50+0.26 6.36+0.24 6.38+0.40 6.49+0.44
HDW 2.58+0.17 2.82+0.31 2.77+0.26 2.65+0.18
RET 1.84+0.24 1.89+0.27 1.91+0.28 1.47+0.19**
NEU 17.49+3.26 19.66+4.58 21.37+4.78 23.73+4.53**
LYM 78.64+3.72 76.10+4.63 74.77+5.02 71.65+4.09**
MONO 1.74+£0.52 2.06+0.62 1.78+£0.45 1.87£0.43
EOS 1.37+0.47 1.31£0.39 1.36+£0.37 1.98+0.58**
BASO 0.16+0.11 0.13+0.08 0.12+0.08 0.13+0.09
LUC 0.63+0.23 0.73+0.36 0.62+0.21 0.64+0.28

All values are expressed as mean+ SD. */** Represents a significant difference at p<0.05/p< 0.01 level compared with the vehicle control.
WBC, white blood cell count (10*mm?®); RBC, red blood cell count (10%mm®); HGB, hemoglobin (g/dL); HCT, hematocrit (%); MCV, mean
corpuscular volume (1%); MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscular hemoglobin concentration (%); RDW, red
blood cell distribution width (%); PLT, platlet (10%u®); MPV, mean platelet volume (fL); HDW, Hb conc. distribution width (g/dL); RET,
Reticulocyte (%); NEU, Neutrophil (%); LYM, Lymphocyte(%); MONO, Monocyte(%); EOS, Eosinophil(%); BASO, basophil (%); LUC,

large unstained cell (%).
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Table 2. Hematological resultsin female SD rats after inhaled methyl formate for 13 weeks

Items Control 100 ppm 400 ppm 1,600 ppm
WBC 8.37+0.21 8.58+0.18 8.32+0.27 8.55+0.28
RBC 42.56+1.19 43.60+0.99 42.14+1.17 43.80+1.00
HGB 14.86+0.31 15.284+0.26 14.69+0.45 15.194+0.36
HCT 50.85+0.78 50.84+0.92 50.67+0.68 51.26+0.85
MCV 17.77+£0.34 17.82+0.46 17.67+0.38 17.78+0.33
MCH 34.95+0.49 35.08+0.61 34.83+0.40 34.69+0.29
MCHC 11.03+0.29 10.97+0.47 11.07£+0.50 11.194+0.44
RDW 242+0.14 245+0.22 244+0.12 245+0.15
PLT 1.59+0.21 1.67£0.28 1.82+0.26 1.37£0.16
MPV 985.30+87.39 952.10+98.02 1035.20+50.27 792.67+96.21**
HDW 6.84+0.31 6.84+0.28 6.70+0.35 6.79+0.32
RET 3.86+0.86 4.26+1.25 3.95+0.93 3.04+0.73
NEU 14.65+2.53 16.87+3.80 17.03+3.06 19.83+2.60**
LYM 80.81+2.69 78.58+3.86 78.77+3.04 75.024+2.61**
MONO 1.52+0.57 1.79+£041 1.68+0.51 2.32+0.54**
EOS 2.12+0.50 1.88+£0.39 1.54+0.47* 1.96+0.34
BASO 0.14+0.07 0.194+0.09 0.20+0.09 0.13+0.07
LUC 0.73+0.33 0.72+0.18 0.75+0.18 0.74+0.30

All values are expressed as mean+ SD. */** Represents a significant difference at p< 0.05/p< 0.01 level compared with the vehicle control.

WBC, white blood cell count (10¥mm®); RBC, red blood cell count (10%mm?); HGB, hemoglobin (g/dL); HCT, hematocrit (%); MCV, mean
corpuscular volume (u%); MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscular hemoglobin concentration (%); RDW, red blood
cell distribution width (%); PLT, platlet (10%1%); MPV, mean platelet volume(fL); HDW, Hb conc. distribution width (g/dL); RET, Reticulocyte
(%); NEU, Neutrophil (%); LYM, Lymphocyte (%); MONO, Monocyte (%); EOS, Eosinophil (%); BASO, basophil (%); LUC, large unstained

cell (%).
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Table 3. Biochemical serum valuesin male SD rats after inhaled methyl formate for 13 weeks

Items Control 100 ppm 400 ppm 1,600 ppm
AST 81.85+21.25 80.77+17.42 75.37+19.06 72.54+14.55
ALT 42.92+6.24 41.03+7.01 41.90+12.79 42.44+5.87
ALP 152.54+47.43 163.90+-39.79 134.78+26.06 208.10+54.26
BUN 15.76+1.50 15.06+2.29 14.43+1.33 13.95+1.70
CRE 0.50+0.04 0.51+0.04 0.50+0.03 0.49+0.03
GLU 189.65+30.17 186.79+19.42 177.71+32.22 202.75+33.35
CHO 75.70+19.43 73.40+14.43 68.50+18.51 67.30+11.93
TP 6.28+0.25 6.16+0.26 6.07+£0.29 5.92+0.21**
CPK 149.30+78.00 197.20+143.86 128.00+75.48 106.40+85.36
ALB 3.19+0.12 3.09+0.11 3.07+0.14 3.10£0.08
TG 86.90+28.70 94.00+25.21 70.40+ 24.60* 48.00+8.81**
cat 10.05+0.32 9.88+0.31 9.71+0.20 9.51+0.26*
IP 5.75+0.69 5.53+0.47 5.26+0.74 5.48+0.63
AIG 1.04+0.03 1.02+0.08 1.03+0.05 1.10+0.05*
LDH 481.06+ 310.02 777.80+646.02 443.27+313.08 420.35+£423.25
Na?* 142.35+1.83 142.23+1.55 141.90+1.20 140.88+0.60
K* 4.71+0.43 4.60+0.17 4.54+0.29 455+0.20
Cl~ 103.48+1.73 104.83+1.18* 105.80+0.98** 104.80+1.28*
r-GT 0.50+0.22 0.46+0.16 0.45+0.16 0.40+0.21
T-BIL 0.12+0.01 0.13+0.01 0.13+0.02 0.14+0.01

All values are expressed as mean+ SD. */** Represents a significant difference at p<0.05/p< 0.01 level compared with the vehicle control.
AST, aspartate aminotransferase (U/L); ALT, alanine aminotransferase (U/L); ALP, alkaline phophatase (U/L); BUN, urea nitrogen in blood
(mg/dL); CRE, Cresatinine(mg/dL); GLU, glucose(mg/dL); CHO, total cholesterol (mmol/L); TP, total protein (g/dL); CPK, creatine phospho-
kinase (U/L); ALB, Albumin (g/dL); TG, Triglyceride (mg/dL); CaZ*, calcium ion (mg/dL); IP, inorganic phosphorus (mg/dL); A/G, abumin/
globulin ratio; LDH, lactate dehydrogenase (u/L); Na, sodium ion (mmol/dL); K*, potassium ion (mmol/dL); Cl-, chloride ion (mmol/dL); r-
GT, r-Glutamy! transferase(U/L); T-BIL, total bilirubin (mg/dL).
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Table 4. Biochemical serum valuesin female SD rats after inhaled methyl formate for 13 weeks

Items Control 100 ppm 400 ppm 1,600 ppm
AST 92.27+33.96 106.04+62.87 80.29+21.57 80.46+19.60
ALT 53.53+23.84 55.59+35.99 43.28+9.93 36.08+7.41
ALP 62.56+8.05 74.30+19.83 82.10+35.99 106.71429.59**
BUN 15.19+2.61 15.20+1.94 14.86+1.87 12.82+1.62*
CRE 0.52+0.02 0.52+0.04 0.52+0.03 0.47+0.02**
GLU 161.54+11.85 174.93+23.10 179.07+27.94 169.48+23.07
CHO 97.30+15.62 99.10+8.95 81.70+13.71** 73.00+9.12**
PRO 6.56+0.29 6.61+0.19 6.25+0.23* 5.794+0.39**
CPK 102.60+66.37 104.70+52.49 86.50+44.36 74.10+46.34
ALB 3.43+0.16 3.41+0.17 3.32+0.13 3.12+0.18**
TG 51.30+13.31 51.10+12.31 46.40+20.21 38.00+11.11
cat 10.01+0.33 10.02+0.22 9.85+0.24 9.30+0.30**
IP 4.97+0.60 4.88+0.46 4.98+0.57 5.25+0.43
AIG 1.10+0.04 1.07£0.08 1.13+0.05 1.17+0.05**
LDH 390.29+ 296.02 413.56+278.24 369.86+276.47 434.04+318.70
NaZ* 141.35+1.26 140.40+1.46 139.79+1.39* 139.70+1.02*
K* 4.63+0.29 4.63+0.35 4.64+0.19 4.39+0.16
(o 105.77+1.42 105.57+1.38 106.10+1.61 105.84+1.60
r-GT 0.99+0.38 1.28+1.27 0.84+0.27 0.96+0.24
T-BIL 0.14+0.01 0.14+0.01 0.14+0.01 0.15+0.02

All values are expressed as mean=+ SD. */** Represents a significant difference at p<0.05/ p<0.01 level compared with the vehicle control.
AST, aspartate aminotransferase (U/L); ALT, alanine aminotransferase (U/L); ALP, akaline phophatase (U/L); BUN, urea nitrogen in blood
(mg/dL); CRE, Creatinine (mg/dL); GLU, glucose (mg/dL); CHO, total cholesterol (mmol/L); TP, total protein (g/dL); CPK, crestine phospho-
kinase(U/L); ALB, Albumin (g/dL); TG, Triglyceride(mg/dL); Ca®*, calcium ion (mg/dL); IP, inorganic phosphorus (mg/dL); A/G, albumin/
globulin ratio; LDH, lactate dehydrogenase (u/L); Na*, sodium ion (mmol/dL); K*, potassium ion (mmol/dL); Cl", chloride ion (mmol/dL); r-
GT, r-Glutamyl transferase(U/L); T-BIL, total bilirubin(mg/dL).

Table 5. Relative organ weights of male rats after inhaled methyl formate for 13 weeks

Organ weight (g) Control 100 ppm 400 ppm 1,600 ppm
Body weight? 472.23+26.60 473.91+39.44 440.79+ 36.37* 349.61+16.77**
Adrenal grand-left 0.0059+0.0009 0.0059+0.0007 0.0063+0.0008 0.0084+0.001**
Adrenal grand-right 0.0054 +0.0009 0.0056+0.0009 0.0063+0.0009 0.0085+0.001**
Thymus 0.0705+0.0165 0.0751+0.0141 0.0715+0.0104 0.0626+0.0127
Testis-left 0.3738+0.0308 0.3622+0.0272 0.3783+0.0499 0.4627+0.048**
Testis-right 0.3700+0.0331 0.3616+0.0250 0.3712+0.0548 0.4512+0.049**
Kidney-left 0.3062+0.0169 0.3084+0.0236 0.3154+0.0148 0.3741+0.0437**
Kidney-right 0.3059+0.0169 0.3094+0.0198 0.3069+0.0199 0.3642+0.0485**
Heart 0.2760+0.0184 0.2711+0.0120 0.2687+0.0139 0.2955+0.0184**
Lung-left 0.1039+0.0059 0.1016+0.0055 0.1036+0.0078 0.1208+ 0.0045**
Lung-right 0.2081+0.0119 0.2122+0.0194 0.2115+0.0151 0.2486+0.0110**
Brain 0.4447+0.0322 0.4529+0.0417 0.4711+0.0446 0.5826+0.020**
Liver 2.7564+0.1838 2.7735+0.1295 2.7644+0.2159 2.8226+0.1169
Spleen 0.1483+0.0170 0.1500+0.0221 0.1523+0.0127 0.1345+0.0106

IRepresents body weights right before necropsy, after fasting. */** Represents a significant difference at p< 0.05/ p< 0.01 level compared

with the vehicle control.
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Table 6. Relative organ weights of female rats after inhaled methyl formate for 13 weeks

Organ weight (g) Control 100 ppm 400 ppm 1,600 ppm
Body weight? 274.00+16.32 272.60+15.25 254.73+11.97** 217.46+14.16**
Ovary-left 0.0132+0.0017 0.0132+0.0024 0.0156 4+ 0.0029* 0.0151+0.0020
Overy-right 0.0130+0.0025 0.0142+0.0016 0.0150+0.0027 0.0145+0.0031
Adrenal grand-left 0.0117+0.0021 0.0117+0.0008 0.0135+0.0024 0.0185+0.0023**
Adrenal grand-right 0.0116+0.0022 0.0126+0.0012 0.0150+0.003** 0.0185+0.002**
Thymus 0.1184+0.0181 0.1165+0.0137 0.1215+0.0231 0.0969+0.0111*
Kidney-left 0.3271+0.0159 0.3421+0.0229 0.3474+0.0282 0.3903+0.027**
Kidney-right 0.3285+0.0166 0.3410+0.0204 0.3452+40.0238 0.3794+0.022**
Heart 0.3059+0.0160 0.3169+0.0123 0.3195+0.0246 0.335940.0248**
Lung-left 0.1383+0.0106 0.1459+0.0098 0.1457+0.0096 0.1641+0.007**
Lung-right 0.2845+0.0298 0.2912+0.0156 0.2999+0.0173 0.3207+0.0186**
Brain 0.7194+0.0295 0.7387+0.0481 0.7826+0.0401* 0.8835+0.072**
Liver 2.5412+0.1897 2.5638+0.1564 2.5395+0.1681 2.5783+0.1815
Spleen 0.1739+0.0103 0.1792+0.0095 0.1828+0.0182 0.1684+0.0168

IRepresents body weights right before necropsy, after fasting. */** Represents a significant difference at p< 0.05/p< 0.01 level compared with

the vehicle control.
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Fig. 6. No remarkable lesion/nasal cavity (level 11). Control
group, femae. H& E

Fig. 8. No remarkable lesion/nasal cavity (level I11). Control

group, Female. H& E

Fig. 7. Olfactory atrophy & olfactory degeneration/regenra-
tion (arrows)/nasal cavity (level 11). 1,600 ppm, male.
H&E
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